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Key Points

• Comorbidities used to
evaluate allogeneic
transplantation
candidates have
differential impact on
NRM in low-intensity
conditioning settings.

• Among prevalent
comorbidities, cardiac
disease (including
arrhythmia and valvular
disease) may confer
significant additional
NRM risk.
 M
ay 2023
Older age and a high burden of comorbidities often drive the selection of low-intensity

conditioning regimens in allogeneic hematopoietic stem cell transplantation recipients.

However, the impact of comorbidities in the low-intensity conditioning setting is unclear.

We sought to determine the contribution of individual comorbidities and their cumulative

burden on the risk of nonrelapse mortality (NRM) among patients receiving low-intensity

regimens. In a retrospective analysis of adults (≥18 years) who underwent transplantation

for acute myeloid leukemia in the first complete remission between 2008 and 2018, we

studied recipients of low-intensity regimens as defined by the transplantation conditioning

intensity (TCI) scale. Multivariable Cox models were constructed to study associations of

comorbidities with NRM. Comorbidities identified as putative risk factors in the low-TCI

setting were included in combined multivariable regression models assessed for overall

survival, NRM, and relapse. A total of 1663 patients with a median age of 61 years received

low-TCI regimens. Cardiac comorbidity (including arrhythmia/valvular disease) and

psychiatric disease were associated with increased NRM risk (hazard ratio [HR], 1.54; 95%

confidence interval [CI], 1.13-2.09 and HR, 1.69; 95% CI, 1.02-2.82, respectively). Moderate

pulmonary dysfunction, though prevalent, was not associated with increased NRM. In a

combined model, cardiac, psychiatric, renal, and inflammatory bowel diseases were

independently associated with adverse transplantation outcomes. These findings may

inform patient and regimen selection and reinforce the need for further investigation of

cardioprotective transplantation approaches.
ber 2022; prepublished online on Blood
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data by applying to the European Society
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Data are available on request from the corresponding author, Arnon Nagler (arnon.
nagler@sheba.health.gov.il).

The full-text version of this article contains a data supplement.
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Introduction

Although nonrelapse mortality (NRM) has decreased over several
years, it remains a considerable limitation to the use of allogeneic
hematopoietic stem cell transplantation (HSCT).1,2 In an attempt to fit
the treatment strategy to the patient and estimate transplantation-
associated risk, patients undergo thorough evaluation of baseline
comorbidities and physiologic status, as well as geriatric assessment
when appropriate.3-6 The cumulative burden of comorbidities, as
codified by the hematopoietic cell transplantation–specific comor-
bidity index (HCT-CI), has proven informative in risk stratification and
helps guide the selection of pretransplantation conditioning chemo-
therapy.7 However, the aggregation of comorbidities into a single
value can lead to the loss of useful prognostic information.8-10 In
previous retrospective analyses encompassing a broad range of
transplantation indications, individual comorbidities included in the
HCT-CI were associated with varying degrees of hazard. Moreover,
someprevalent comorbidities appeared to have a limited independent
contribution to the risk of NRM in the contemporary transplantation
setting.8,11

Older or frailer patients undergoing HSCT are generally treated
using conditioning regimens designed to reduce the risk of
treatment-related morbidity and mortality. Historically, regimens
have been categorized as either myeloablative or reduced-
intensity/nonmyeloablative based on the degree of bone marrow
suppression they induce.12,13 More recently, a new scale of con-
ditioning regimen intensity, the transplantation conditioning inten-
sity (TCI) score, has been introduced.14 This score is intended to
overcome limitations in the traditional classification by capturing
the extent of nonhematologic toxicity occurring with individual
regimens. We hypothesized that in the low-intensity setting, as
defined by the TCI, individual comorbidities may have a prognos-
tically valuable, differential impact on NRM after transplantation.
We therefore sought to characterize the influence of individual
comorbidities on transplantation outcomes among low-TCI HSCT
recipients. Although previous analyses have looked at the predic-
tive value of cumulative comorbidity burden in patients receiving
traditionally categorized reduced-intensity conditioning regi-
mens,10,15 we believe this is the first large-scale attempt to identify
particular hazards of individual concomitant diagnoses in the
lowest intensity setting, especially as redefined by the TCI. Among
patients already thought to be at elevated NRM risk by their
transplant physician, these data may help to personalize decision-
making based on the patient’s specific individual comorbidities.

To better isolate the relationship between comorbidity and
outcome, we studied a population of patients restricted to those
who underwent transplantation for acute myeloid leukemia (AML) in
the first complete remission and who received HLA-matched
grafts. Populations of patients with comorbidities are often
excluded from clinical trials, and a randomized trial studying this
question is not feasible. Therefore, transplantation registries are the
most effective setting for exploring this clinically important question.

Methods

To study the impact of individual comorbidities in low-intensity
conditioning regimens, we analyzed a retrospective cohort of
adults undergoing allogeneic HSCT for AML included in the
2144 FEIN et al
European Society for Blood and Marrow Transplantation (EBMT)
registry. The EBMT maintains an audited registry of trans-
plantations performed by more than 600 member institutions, pri-
marily in Europe. Centers commit to obtaining informed consent in
accordance with the local regulations applicable at the time of
transplantation in order to report pseudonymized data to the
EBMT. We included patients aged ≥18 years who underwent an
allogeneic HSCT with low-intensity conditioning regimens (TCI ≤
2) between 2008 and 2018 for AML in the first complete remis-
sion. The regimen TCI category was defined in accordance with
the criteria specified by Spyridonidis et al (supplemental Table 1).14

To maximize generalizability, regimens including 6 common com-
binations of conditioning agents were included, as described in
supplemental Table 2. All patients received grafts from matched
sibling or 10/10 HLA-matched unrelated donors and had available
data regarding the comorbidities included in the HCT-CI submitted
to the registry. Patients with incomplete data for the covariates
included in the regression model or for the outcome of NRM were
excluded, as were patients who underwent ex vivo T-cell depletion.
For a secondary comparison of comorbidities based on the TCI
category, we included patients with similar inclusion criteria and
conditioning with intermediate- and high-TCI regimens.

Comorbidities were defined per the standard definitions in the
HCT-CI12 (supplemental Table 3). A composite cardiac comor-
bidity was constructed, including general cardiac disease, valvular
disease, and arrhythmia, as has been described elsewhere.16

Disease-associated risk was adjusted using the disease risk strat-
ification system,17 grouped into 3 tiers: low, intermediate-1, and
combined intermediate-2/high risk. NRM was defined as death
without the competing event of relapse after transplantation.

Population characteristics were tabulated for the study cohort.
Overall outcomes of the cohort (overall survival [OS], NRM, and
relapse incidence) were described using Kaplan-Meier and
cumulative incidence estimators. Among patients treated with low-
TCI regimens, individual comorbidities were studied for their
association with NRM using cause-specific Cox proportional haz-
ard models, including individual comorbidities, adjusted for age at
transplantation, performance status, disease risk, donor type
(matched sibling donor vs matched unrelated donor), donor/
recipient cytomegalovirus serostatus, and donor/recipient sex
mismatch. Finally, using stepwise selection, a multivariable model
containing the most informative comorbidities was selected using
the lower Akaike criteria. The same adjustment factors as
described previously were included.

This study was approved by the Acute Leukemia Working Party
and conducted in accordance with the Declaration of Helsinki
guidelines. All analyses were performed using R version 4.2.1 with
packages survival, cmprsk, ggplot2, and prodlim.

Results

Population characteristics of the cohort treated with

low-TCI regimens

The cohort included 1663 patients with a median age of 61 years
(interquartile range [IQR], 55-66) (Table 1). Patients were treated
with a variety of low-TCI approaches, with the most common reg-
imens being 150 mg/m2

fludarabine + 2 days busulfan (8 mg/kg by
mouth or 6.4 mg/kg IV) and 150 mg/m2

fludarabine + 200 cGy
23 MAY 2023 • VOLUME 7, NUMBER 10



Table 1. Population characteristics

Characteristic TCI low (n = 1663)*

Age, median (interquartile range), y 61 (55-66)

KPS, n (%)

≥90 1150 (69)

<90 513 (31)

Disease risk (disease risk stratification system), n (%)

Low 665 (40)

Intermediate-1 332 (20)

Intermediate-2/high 666 (40)

Cytogenetic risk, n (%)†

Favorable 48 (4)

Intermediate 1003 (73)

Poor 314 (23)

Secondary AML, n (%) 80 (5)

Donor, n (%)

Matched sibling donor 744 (45)

Matched unrelated donor 919 (55)

Sex match, n (%)

Other 1367 (82)

Female-to-male 296 (18)

Cytomegalovirus serostatus, n (%)

D−/R− 371 (22)

D−/R+ 411 (25)

D+/R− 162 (10)

D+/R+ 719 (43)

HCT-CI, n (%)

0 713 (43)

1-2 434 (26)

≥3 516 (31)

Regimen, n (%)

Flu + Bu 1129 (68)

Bu + cyclophosphamide 20 (1)

Flu + melphalan 27 (2)

Flu + total body irradiation 364 (22)

Flu + treosulfan 65 (4)

Flu + Bu + thiotepa 58 (3)

Graft-versus-host disease prophylaxis, n (%)

Calcineurin inhibitor + methotrexate 547 (33)

Calcineurin inhibitor + mycophenolate mofetil 732 (44)

Cyclosporine A only 272 (16)

Other/unknown 111 (7)

T-cell depletion, n (%)‡

None 610 (37)

Alemtuzumab 113 (7)

Antithymocyte globulin 879 (53)

PTCy 58 (3)

Bu, busulfan; D, donor; Flu, fludarabine; KPS, Karnofsky performance status; PTCy,
posttransplantation cyclophosphamide; R, recipient.
*Data presented as median (interquartile range) or n (%) as shown.
†Per Medical Research Council schema. Missing for 298 patients.

‡11 patients received PTCy + antithymocyte globulin and 1 received PTCy +
alemtuzumab; these are listed as PTCy-based. T-cell depletion status is unknown for 3
patients.
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total body irradiation (supplemental Table 2). Despite all patients
being in the first complete remission, a large proportion of patients
were in the intermediate-2/high disease risk stratification system
category (40%, n = 666), with an additional 40% in the low-risk
and 20% in intermediate-1 categories (n = 665 and n = 332,
respectively). Nearly one-third of patients had a Karnofsky perfor-
mance status <90 (31%, n = 513). A plurality of patients had none
of the studied comorbidities (43%, n = 713), followed by 30% of
patients with any 1 (n = 494), 18% with 2 (n = 298), and 9% with
≥3 individual studied comorbidities (n = 155). The most frequently
observed comorbidities (Table 2) were moderate and severe pul-
monary dysfunction (17%, n = 275% and 11%, n = 183), any
cardiac disease (16%, n = 263), active infection (10%, n = 164),
and prior malignancy (9%, n = 155). The median follow-up was 2.0
Table 2. HRs of NRM associated with individual comorbidities

in patients receiving low-TCI regimens

Comorbidity N (%) Adjusted* HR (95% CI) P

Rheumatologic 40 (2) 0.70 (0.26-1.90) .489

Moderate pulmonary 275 (17) 0.99 (0.70-1.41) .954

Active infection 164 (10) 1.06 (0.69-1.63) .785

Arrythmia 73 (4) 1.15 (0.65-2.02) .636

Diabetes mellitus 112 (7) 1.17 (0.73-1.88) .509

Obesity 58 (3) 1.25 (0.66-2.36) .494

Cerebrovascular 38 (2) 1.28 (0.60-2.74) .529

Prior malignancy 155 (9) 1.29 (0.85-1.94) .230

Cardiac disease† 182 (11) 1.32 (0.91-1.90) .143

Mild/moderate hepatic 90 (5) 1.34 (0.79-2.28) .273

Severe hepatic 26 (2) 1.38 (0.51-3.74) .530

Severe pulmonary 183 (11) 1.43 (0.99-2.07) .058

Composite cardiac‡ 263 (16) 1.54 (1.13-2.09) .006

Psychiatric 75 (5) 1.69 (1.02-2.82) .043

Valvular disease 38 (2) 2.44 (1.37-4.35) .002

Peptic ulcer 14 (1) 3.01 (1.11-8.15) .031

IBD 26 (2) 3.88 (1.90-7.96) <.001

Renal 20 (1) 5.29 (2.58-10.85) <.001

HCT-CI§

1-2 points 434 (26) 1.17 (0.83-1.64) .363

≥3 points 516 (31) 1.70 (1.25-2.30) .001

Additional covariates‖
KPS <90 523 (29) 1.13 (0.86-1.49) .365

Age (by decade) 1.71 (1.42-2.07) <.001

*Adjusted for age, KPS, disease risk (disease risk stratification system), donor type, sex
mismatch, and donor/recipient cytomegalovirus serostatus.
†HCT-CI definition.
‡HCT-CI definition plus valvular disease and arrhythmia.
§The HCT-CI was not included in the model; HRs adjusted using the same covariates as

in * are shown here for comparison.
‖Studied as the primary effect in models with the same adjustment covariates.
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years (IQR, 1.1-3.5), as calculated using the reverse Kaplan-Meier
method. Two-year OS and the incidence of NRM and relapse were
60.8% (58.1 and 63.5), 14.8% (12.9 and 16.7), and 31.2% (28.7
and 33.6), respectively (Figure 1). The most frequently identified
cause of NRM was graft-versus-host disease, followed by infection
and multiorgan failure (supplemental Figure 1).

Comparison of comorbidity prevalence across TCI

levels

To better understand the role of comorbidities in selecting low-TCI
recipients, we included an expanded cohort with similar inclusion/
exclusion criteria, adding patients who received intermediate- and
high-TCI regimens. This analysis included a total of 4836 patients
(intermediate-TCI [2.5-3.5] 43%, n = 2057; high-TCI [≥4] 23%,
n = 1116). Reporting of comorbidities is not mandated by the
EBMT, and thus, complete comorbidity data were available for only
approximately half of the patients meeting the remaining inclusion
criteria (n = 4836/9386, 52%). The overall median age was
54 years (IQR, 44-62), with median ages of 54 years (IQR, 45-61)
and 41 years (IQR, 31-48) for intermediate- and high-TCI
groups, respectively. Additional characteristics are described in
supplemental Table 4. As in the low-TCI group, moderate pulmo-
nary disease was the most prevalent comorbidity (15%, n = 722)
(Figure 2), with close prevalence across all 3 TCI levels. In contrast,
although among the next most common comorbidities overall was
any cardiac disease (10%, n = 502; per the composite definition),
prevalence was markedly different between the groups: 5% (n =
59 of 1116) in the high-TCI recipients and 9% (n = 180 of 2057) in
the intermediate-TCI group as compared with 16% in the low-TCI
group as described above. Additional comorbidities are depicted in
Figure 2. Most notably among these, prior malignancy (7% overall,
n = 349) was present in 4% of the high-TCI recipients (n = 49 of
1116), 7% of the intermediate-TCI recipients (n = 145 of 2057) vs
9% of the low-TCI recipients as described above.
2146 FEIN et al
Role of comorbidities in low-TCI recipients

Most studied comorbidities were not significantly associated with
NRM in this large cohort of low-TCI recipients (Table 2). These
included the most prevalent comorbidities, such as moderate pul-
monary dysfunction (hazard ratio [HR], 0.99; 95% confidence
interval [CI], 0.70-1.41) (Figure 3A), mild/moderate hepatic
dysfunction (n = 90 [5%]; HR, 1.34; 95% CI, 0.79-2.28), and prior
malignancy (HR, 1.29; 95% CI, 0.85-1.94). A notable exception
was composite cardiac disease (HR, 1.54; 95% CI, 1.13-2.09)
(Figure 2B), whereas the HCT-CI definition of cardiac disease,
excluding valvular disease and arrhythmia, was not significantly
associated with higher risk (HR, 1.32; 95% CI, 0.91-1.90). Psy-
chiatric diagnoses were associated with an elevated risk of NRM
(n = 75; HR, 1.69; 95% CI, 1.02-2.82) (Figure 2C). The strongest
comorbidity predictors of NRM were rare comorbidities, including
valvular disease (HR, 2.44; 95% CI, 1.37-4.35), peptic ulcer dis-
ease (HR, 3.01; 95% CI, 1.11-8.15), inflammatory bowel disease
(IBD; HR, 3.88; 95% CI, 1.90-7.96), and renal disease (HR, 5.29;
95% CI, 2.58-10.85) (per the HCT-CI definition, including those
with serum creatinine >2). Independent of individual comorbidities,
increasing age was strongly associated with NRM (by decade HR,
1.71; 95% CI, 1.42-2.07); in contrast, performance status (Kar-
nofsky performance status <90) was not significantly associated
with NRM in the multivariable setting even when comorbidities
were excluded from the model (HR, 1.13; 95% CI, 0.86-1.49)
(Table 3).

Using stepwise selection in accordance with the Akaike infor-
mation criterion, a composite model of comorbidities linked to the
outcome of NRM in the low-TCI setting was selected. Psychiat-
ric, cardiac (composite), renal, and IBD as well as prior malig-
nancy were included together with the adjustment covariates
previously described. Cardiac comorbidity, arrhythmia, and valve
disease were combined into a composite cardiac category. Most
patients (71%, n = 1183) had none of the included comorbid-
ities, and only 3% (n = 54) had ≥2. In a composite model for the
event of NRM, cardiac (HR, 1.52; 95% CI, 1.12-2.07) and psy-
chiatric disease (HR, 1.70; 95% CI, 1.01-2.83) were associated
with similar degrees of risk (Table 3). IBD and renal disease
remained significant, albeit rare, in the population, whereas prior
malignancy remained as statistically not significant in this model.
In a multivariable composite model for OS, cardiac disease (HR,
1.39; 95% CI, 1.14-1.69), IBD (HR, 1.99; 95% CI, 1.19-3.35),
and renal disease (HR, 2.75; 95% CI, 1.54-4.90) were each
identified as significant risk factors; prior malignancy was also
strongly associated with early mortality (HR, 1.47; 95% CI,
1.16-1.87) (Table 3).

Finally, using the comorbidities determined individually to
contribute to NRM, a simplified model was constructed to compare
patients with any of these comorbidities (cardiac [composite],
psychiatric, renal, IBD, or prior malignancy) with those with none.
The same adjustment covariates were used. Low-TCI recipients
with any of the proposed risk factors (29%, n = 480) had an
increased HR for NRM of 1.74 (95% CI, 1.34-2.26) and OS of
1.47 (95% CI, 1.24-1.73) (supplemental Table 5). Increased
relapse was also observed (HR, 1.22; 95% CI, 1.01-1.47).
23 MAY 2023 • VOLUME 7, NUMBER 10



0%

Comorbidity

Mod
. p

ulm
on

ary

Acti
ve

 in
fec

tio
n

Com
po

sit
e c

ard
iac

Sev
ere

 pu
lm

on
ary

Prio
r m

ali
gn

an
cy

Card
iac

 di
se

as
e

Diab
ete

s m
ell

itu
s

Psy
ch

iat
ric

 di
se

as
e

Mild
/m

od
. h

ep
ati

c

Obe
sit

y

Arrh
yth

mia

Rhe
um

ato
log

ic
IB

D

Sev
ere

 he
pa

tic

Stro
ke

Ren
al 

(S
Cr. >

 2
)

Va
lvu

lar
 di

se
as

e

Pep
tic

 ul
ce

r d
ise

as
e

5%

10%

15% High (n = 1116)

Intermediate (n = 2057)

Low (n = 1663)

TCI

Figure 2. Prevalence of individual comorbid diseases

in each TCI stratum. Mod., moderate; SCr., serum

creatinine; IBD, inflammatory bowel disease.

D
ow

nloaded from
 http://ashpublications.org/bloodadvances/article-pdf/7/10/2143/2050835/blooda_adv-2022-008656-m

ain.pdf by guest on 18 M
ay 2023
Discussion

In this registry-based analysis of patients undergoing allogeneic
HSCT, we found that individual comorbidities vary widely in their
clinical significance for NRM in the low-TCI setting. Intensity
selection is strongly linked to comorbidity burden.7 However, the
prognostic importance of individual comorbidities among patients
selected as requiring the lowest intensity conditioning remains
poorly understood. In accordance with our initial hypothesis, we
identify a subset of comorbidities independently associated with
NRM among patients receiving low-TCI conditioning. At the same
time, we were unable to draw a conclusive connection for other
major comorbidities, such as pulmonary and liver disorders, despite
the large size of the cohort.

Spyridonidis et al proposed the TCI to overcome a major limitation
in the traditional approach for ranking conditioning regimen
toxicity.14 Classifying regimens as myeloablative or reduced inten-
sity, as introduced by Bacigalupo et al,12 captures the degree of
bone marrow suppression associated with a regimen well. How-
ever, damage to other organ systems is not strictly correlated with
myeloablation. The TCI attempts to remedy this by ranking regi-
mens based on their associated risk of transplantation-related
mortality historically observed among patients with AML aged 45
to 65 years. Using such a model, we believe we isolated a broad
23 MAY 2023 • VOLUME 7, NUMBER 10
swath of patients who were selected for and underwent trans-
plantation with chemotherapy designed to absolutely minimize
transplantation-related toxicity.

Importantly, patients in this cohort were selected for these low-
intensity regimens, either because of factors captured in the data
sets, such as age or comorbidity burden by HCT-CI or because of
other unmeasured but likely similar attributes. Certain comorbidities
were clearly associated with physician preference for low-intensity
regimens, most strongly with cardiac disease and prior malignancy;
others bore only weak association with a low-intensity regimen.
When considering NRM in low-intensity regimens among patients
with and without a given comorbidity, we can infer that a degree of
the treating physician-anticipated adverse risk has already been
factored in. A finding of an increased HR in this cohort, then,
indicates a risk factor that may reflect still further adverse out-
comes. We observed that rare comorbidities, such as IBD and
peptic ulcer disease, were associated with the greatest NRM
disadvantage. Renal disease, here defined as a serum creatinine
>2.0 mg/dL, was uncommon at baseline before transplantation but
associated with the greatest risk of NRM. Previous studies using a
more liberal definition of estimated creatinine clearance <60 mg/dL
per 1.73 m2 have also found chronic kidney disease to be
powerfully prognostic of NRM.6,8,18,19 Given the growing evidence
COMORBIDITY IN LOW-INTENSITY CONDITIONING HSCT 2147
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in the literature of its prognostic importance, collecting detailed
pretransplant renal function data should be a key focus of trans-
plantation registries moving forward.

Among the most prevalent comorbidities, the spectrum of cardiac
disease is noteworthy for its strong association with NRM. Cardiac
disease has previously been shown to be associated with a poorer
prognosis after transplantation.8 Notably, patients treated with
HSCT have generally been exposed to multiple cardiotoxic agents
in earlier lines of therapy, perhaps contributing to the high preva-
lence (16% composite, ie, heart failure, coronary artery disease,
2148 FEIN et al
valvular disease, and arrhythmia vs 10% by HCT-CI definition) of
cardiac comorbidity in the cohort. Based on the significantly
increased hazard, it appears that decreased conditioning intensity
cannot overcome the risk associated with cardiac disease. Stillwell
et al have previously shown in an analysis of patients treated with
either autologous or allogeneic HSCT between 1999 and 2009
that there was no difference in outcomes (including both 1-year
survival and posttransplantation cardiac events) between patients
with and without a history of coronary artery disease.20 Similarly, in
a study of patients with reduced left ventricular ejection fraction
23 MAY 2023 • VOLUME 7, NUMBER 10



Table 3. Cox regression models including selected comorbidities for NRM, relapse, and OS

Variable

NRM Relapse OS

HR (95% CI) P HR (95% CI) P HR (95% CI) P

Preexisting malignancy 1.34 (0.88-2.02) .16 1.39 (1.05-1.82) .020 1.47 (1.16-1.87) .002

Composite cardiac 1.52 (1.12-2.07) .008 1.13 (0.89-1.43) .307 1.39 (1.14-1.69) .001

Psychiatric 1.70 (1.01-2.83) .044 0.83 (0.53-1.30) .412 1.09 (0.75-1.58) .669

Renal 5.59 (2.72-11.50) <.001 1.27 (0.53-3.08) .594 2.75 (1.54-4.90) <.001

IBD 3.66 (1.78-7.55) <.001 1.86 (1.02-3.41) .043 1.99 (1.19-3.35) .009

Age (by decade), y 1.76 (1.46-2.13) <.001 0.98 (0.89-1.08) .634 1.22 (1.11-1.35) <.001

KPS

≥90 reference

<90 0.87 (0.66-1.14) .317 1.00 (0.83-1.22) .966 0.90 (0.76-1.07) .234

Disease risk (disease risk stratification system)

Low reference

Intermediate-1 1.04 (0.73-1.47) .846 1.34 (1.03-1.74) .031 1.24 (0.99-1.56) .067

Intermediate-2/high 1.10 (0.82-1.47) .521 1.89 (1.54-2.32) <.001 1.60 (1.33-1.92) <.001

Donor

Matched sibling donor Reference

Matched unrelated donor 1.24 (0.93-1.65) .135 0.83 (0.69-1.01) .058 1.02 (0.86-1.21) .850

Female-to-male 1.96 (1.44-2.67) <.001 0.92 (0.72-1.18) 0524 1.24 (1.01-1.53) .041

Cytomegalovirus

D−/R− reference

D−/R+ 1.43 (0.98-2.08) .065 0.99 (0.77-1.28) .954 1.13 (0.90-1.42) .293

D+/R− 1.03 (0.61-1.75) .914 0.92 (0.65-1.31) .657 0.94 (0.69-1.30) .718

D+/R+ 1.12 (0.78-1.60) .528 0.90 (0.71-1.13) .370 0.95 (0.77-1.18) .666
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(<45%), outcomes paralleled those of matched controls with
normal systolic function.21 However, these single-center studies
were performed on patients who underwent transplantation more
than a decade ago and across indications and transplantation
approaches. Among allogeneic HSCT recipients, patients treated
for AML are likely to be at particularly high cardiac risk given the
role of intensive induction with anthracyclines and cytarabine.22

Notably, only 3% of patients received posttransplantation cyclo-
phosphamide for T-cell depletion in this study. Although cyclo-
phosphamide has been linked broadly to cardiotoxicity, recent
studies have not shown increased cardiac morbidity in patients
receiving posttransplantation cyclophosphamide.23,24 Increasing
use of this strategy in matched donor transplantation may reveal a
more subtle association. Future studies benefiting from more
detailed cardiac screening data may better elucidate the relative
NRM risk associated with individual parameters of heart disease.
Advances in the management of heart failure, including the broader
adoption of guideline-directed medical therapy for reduced ejection
fraction,25,26 may change overall outcomes for patients with heart
failure who underwent transplantation. Collaborative studies with
the nascent field of cardio-oncology are critical, and normalizing
pretransplantation referral to a cardio-oncologist could provide
meaningful benefit.

Pulmonary disease, broadly defined in this analysis (encompassing
both obstructive and restrictive pulmonary function patterns), was
the most prevalent comorbidity studied. Among low-TCI recipients,
nearly one-quarter of all patients had any degree of pulmonary
23 MAY 2023 • VOLUME 7, NUMBER 10
dysfunction, which may be the sequelae of prior treatments, lung
infections in the setting of treatment-induced neutropenia, or pre-
existing disease.27 Remarkably, however, moderate pulmonary
disease was not linked to an increased risk of NRM, with an HR of
nearly 1.0. Pulmonary function test (PFT) abnormalities that define
this comorbidity were established as adverse risk markers in a large
retrospective analysis of patients treated between 1991 and 2001
at a single center.28 However, these results were obtained in a
cohort treated almost exclusively with high-dose total body
irradiation–containing regimens. Studies of pulmonary disease in
reduced-intensity regimens have been more limited in scale. A
single-center study of PFTs in the reduced-intensity conditioning
setting, in which patients with AML were conditioned with low-dose
fludarabine/busulfan, showed that worse outcomes, including
increased NRM, were associated with PFT abnormalities.29

Notably, different cutoffs were used for forced expiratory volume
in 1 second and diffusion lung capacity for carbon monoxide
(DLCo) compared with the cutoffs in the HCT-CI definitions,
making comparisons between the studies challenging. Though
nonsignificant in this cohort, our results may be consistent with
their finding that severe pulmonary dysfunction is adverse even in
the low-intensity conditioning setting. The accepted definition of
pulmonary disease, combining both diminished forced expiratory
volume in 1 second and DLCo, obscures a greater adverse impact
of one criterion over the other. Notably, neither PFT abnormality
reached statistical significance by multivariate analysis in the
described analysis.29 A more recent study by Le Bourgeois et al
COMORBIDITY IN LOW-INTENSITY CONDITIONING HSCT 2149
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suggests that incorporating the diffusion lung capacity for nitric
oxide, a more sensitive test of alveolar membrane conductance
than DLCo, may improve the detection of patients at high risk for
pulmonary complications and subsequent NRM after trans-
plantation.30 Given the prevalence of the disease, further studies of
protective strategies among patients with advanced pulmonary
disease are undoubtedly warranted.

The strong association between psychiatric disease at baseline
and NRM in this cohort is a striking finding that has been under-
explored in the literature to date. Depression and depressive
symptoms have long been established as adverse markers of
transplantation outcome.31,32 Studies of psychiatric interventions in
allogeneic transplantation often address the psychologic distress
resulting from transplantation itself. A 2015 systematic review of 9
reported interventions for distress after transplantation demon-
strated significant improvements in a variety of patient-reported
quality-of-life measurements among patients treated with non-
pharmacologic therapies.33 Cognitive behavioral therapies in
particular were found to have some efficacy, though survival was
not a studied end point. An investigation of incorporating in-patient
palliative care into HSCT treatment showed improved patient-
reported quality of life, though survival outcomes were similarly
not studied.34 A single-institution randomized trial of sertraline in
transplantation recipients found a significant reduction in 6-month
overall mortality (1 out of 28 in the treatment arm vs 6 out of 28
in the control arm) without noteworthy toxicity;35 importantly,
patients with baseline psychiatric conditions as well as several
other common comorbidities were not included in this study. Psy-
chiatric assessment and intervention early in the disease course,
before transplantation, could yield improvements in both quality of
life and survival for this population.

This study bears several limitations, many inherent to registry ana-
lyses. As in all retrospective analyses of registry data sets, these
results are observational, and we cannot fully account for selection
bias. To some extent, our analysis attempts to capitalize on selection
bias by interrogating the role of these concomitant conditions
among patients already deemed to be at the highest risk. That said,
subtler biases included among the individual regimens likely still
confound a full understanding of the comorbidity impact. Comor-
bidity data were only captured in approximately half of the EBMT
cases, which again may reflect institutional biases. Despite including
only a subset of all patients, overall outcomes for the cohort are
consistent with reported outcomes for other large cohorts during
this time period.36,37 Although this is a fundamental challenge of
registry studies, the future incorporation of data capture directly from
the electronic medical record may help address this limitation. We
wholeheartedly recommend that collecting detailed comorbidity
data, including those from baseline laboratory studies, such as
serum creatinine/creatinine clearance as well as cardiac and pul-
monary evaluations, be strongly encouraged by transplantation
registries. Analyses of these data have an ongoing and important
impact on patient-level risk assessment and determining the
appropriateness of patients for allogeneic HSCT. A decade-long
interval of patient data were included in this study, during which
time supportive care and patient outcomes might have evolved;
however, we note that a large proportion of included patients come
frommore recent years, weighting the analysis toward contemporary
practice and results. As always, “the absence of evidence is not
2150 FEIN et al
evidence of absence”; comorbidities without statistically significant
association with NRM in this study may meet theP< .05 threshold in
a still-larger cohort. However, to our knowledge, this study repre-
sents the largest real-world analysis of HSCT comorbidities in a
single-indication setting. Therefore, we believe the likelihood of
clinically significant effects as the HR of a comorbidity approaches
1.0 can be expected to be modest. Patient-reported outcomes,
newly a major focus of transplantation data collection, will surely
deepen our understanding of the impacts of transplantation
morbidity and clarify comorbidity’s role in transplantation survivor-
ship, a critical and burgeoning field. The ongoing Bone and Marrow
Transplant Clinical Trials Network 1704 trial is designed specifically
to further our understanding of transplant risk in older and frailer
patients and may help to refine patient selection in this population.
Finally, individual comorbidity definitions in our analysis were based
on those codified in the HCT-CI.7 As repeatedly highlighted above,
objective, biomarker-driven investigation of comorbid disease could
yield more specific insight into the role conditions play in
transplantation-related morbidity and mortality.

In conclusion, we find that a subset of key comorbid conditions is
most strongly associated with NRM after allogeneic HSCT with
TCI–low-intensity regimens, particularly cardiac and psychiatric
disease. As the median age of transplantation recipients continues
to increase, further investigation toward optimizing therapy for
patients with these comorbidities should be a priority for the
transplantation community.
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